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FABRICATION OF COMPOSITE WICK
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ABSTRACT
A novel heat spreader was developed with its main cavity
of copper tube, where copper mesh and support structure was
served as the capillary constructions. The size of the support
structure was 73 mm × 48.5 mm × 2.7 mm. Ceramic heater,
30 mm × 30 mm, was used as the heating source with the
output power from 10 Watts to 130 Watts, and utilized the
heat sink integrated with fan as the cooler. De-ion water was
employed as the working fluid with the same filling charge.
When heating power was 130 Watts, the temperature of heat
source in heat spreader was lower than in copper plate about
4.3°C.

I. INTRODUCTION
Over the last decade, by the developments of nanotechnology and semiconductor packaging, multiple CPU execution cores have fabricated in a single processor package. With
the increasing speed and density of chips, the engineers are
struggling to cool it down while facing thermal challenges in
all designs. Recently, the vapor chamber (VC) was attracted
very much for the electronic cooling due to the remarkable low
spreading thermal resistance with very little temperature drop
on the plane.
In 2005, Go [2] has investigated the thermal performance of
an acetone-charged VC heat sink containing new micro-wick
structures, the results indicated that a cost-effective metaletched micro-wick structure was proposed for CPU cooling
and it also worked successfully for a high heat input of 140 W.
Yasushi et al. describes the effect of heat source size on the
heat transfer characteristics of the VC. They found that the
thermal resistance of the condenser section inside the VC was

very small, and that of evaporator section was nearly equal to
the total thermal resistance of the VC, implying that the
thermal resistance of the evaporator section was dominant
inside the VC. It was also revealed that the thermal resistance
of the VC was hardly affected by the heat flux applied from the
heat source, while it increased as the heat source became
smaller [7]. VC using high thermal conductivity and permeability graphite foam as a wick has investigated, and with the
ethanol employed as the working fluid, the VC has been
demonstrated at a heat flux of 80 W/cm2 [6]. Wang et al.
analyzed the spreading ability of rectangular plates and compared between copper/aluminum plates and a VC having the
same thickness. The experimental showed the VC would offer
a lower temperature rise and a more uniform temperature
distribution [1]. In 2002, the radial grooved micro heat pipes
(MHPS) with a three-layer structure were fabricated employing the bulk micro machining and eutectic bonding technology.
The various fill rates were investigated in this study. For 27 W
the highest employed fill rate of 70% showed the best performance, the evaporator temperature was 27% lower than that
of the plain wafer [4]. At then the star grooves and rhombus grooves micro heat pipe were also studied. The results of
rhombus grooves MHPS and star grooves MHPS have the
reduction in the maximum wafer temperature were by approximately 18°C and 32°C [3]. Two kinds of capillary
structures were used inside Micro heat pipe heat spreader
(MHPHS), an array of 200 μm wide radial grooves and threelayer 100-mesh copper screens, were researched. The test
findings indicated that the groove-shaped micro heat pipe heat
spreader filled with methanol at an 80% fill rate achieved
better performance than any other kind of heat spreader [5].
In previous studies, the researchers have showed the advantages of heat spreader. Therefore, we try to develop a
novel composite wick structure of heat spreader in present
study.

II. HEAT SPREADER MANUFACTURING
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The aim of this research was to apply the operating
principle and advantages of heat pipes to liquid-vapor separation design as shown in Fig. 1. Improvements of the shearstress-caused dissipation boundary between the vapor and
liquid flow and maximizing the heat pipe transfer are the
major purpose in this study. Metallic copper with a relatively
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Fig. 1. A ideal operation of SSHS.
Fig. 3. The flattened tube with copper screen.

Fig. 4. The diagram of the support structure.
Fig. 2. The tube with 200-mesh copper screen inside.

great heat conduction coefficient was used in this research as
the structural material to research and development a new type
of heat spreader. In current study, the hollow flatten tube with
the capillary structure always included both copper screen and
support structure. The thermal performance of support structure heat spreader (SSHS) was analyzed after the evacuation,
working fluid filling and packaging were finished.
1. Design and Fabrication of SSHS Chamber
The SSHS chamber was consisted of the oxygen-free copper
tube and 200-mesh copper screen (Fig. 2). The tube with the
length, outer diameter and thickness are 143 mm, 31.75 mm
and 0.6 mm, respectively. The 200-mesh copper screen has a
wire diameter of 53 μm, a wire spacing of 74 μm and a layer
thickness of 100 µm. And then the tube was flattened from
31.75 mm to 20.56 mm (Fig. 3). In order to remove the oil and
oxide, the clean process as following: (a) Sulfuric acid
cleaning in chemical hood, (b) Remove the chemical solution
by pure water, (c) the specimen was quenched and tempered at
900°C for forty minutes in a furnace.
2. Design and Manufacturing of Support Structure
The structure was comprised two rectangular copper plates
(57 mm length, 43 mm wide, and 0.8 mm thickness). By using
the Wire-Cut Electrical Discharge Machining (WEDM), every
plate was cut with equidistant wide channels (2 mm) at

Fig. 5. The enlarged diagram of the support structure.

perpendicular direction. And then reduplicate them as shown
in Figs. 4 and 5. This design makes it feasible to let the vapor
flow though the hole of support structure to condensation
section while the working fluid is evaporated. The support
structure was stacked with screen-mesh in the chamber after
the clean process.
3. Working Fluid Evacuation, Filling and Packaging
This research used D.I. Water as the working fluid for the
SSHS. The fill charge of D.I. Water depended on capacity of
wick structure and vapor channel. In present case, the fill
charge was about 0.51 c.c. after calculating the dimensions of
wick structure and vapor channel.
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Fig. 6. The evacuation, filling and packaging processes of working fluid.
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Fig. 8. (a) Schematic of the experimental setup and (b) Measuring points
of temperature.

Fig. 7. The finished SSHS after packaging.

The vacuum and charging procedures was shown in Fig. 6.
First, the working fluid is charged into SSHS before the
evacuation (1 × 10-3 torr). To avoid leakage, the filling tube
was flatten by clip jig and then cut the non-useful section off.
After the tube sealed, the end of device within filling tube
was cut off again and sealed it. Fig. 7 showed the complete
SSHS.

III. EXPERIMENTAL SETUP AND RESULT
Experimental evaluation of the SSHS performance was
conducted with the equipments and used to measure the
thermal resistance of CPU cooler as shown in Fig. 8. The CPU
cooler includes fans, heat sinks and heat spreaders. During
this research, both sides of the heat spreader were polished
before testing. The evaporator was centrally located and positioned in the heat spreader so that it can face the hotspot
surface directly. The thermal grease (SHIN ETSU X-23-7762,

0.9 W/m-K) was applied on both sides of the heat spreader to
reduce the contact thermal resistance between heat sink, heat
spreader and ceramic heater. The fan power was set at 2.0 W
and blew from the top to the underlying heat sink. The ambient temperature, Ta, was kept at 23 ± 1°C and measured on
the fan entrance.
In test procedure, the power supply (GW GPC-6030D) was
raised gradually and keep approximately fifteen minutes for
system to achieve steady state. In different parameters, the
temperature distribution (T1, T2, T3, T4) along the heat spreader
was measured and recorded when it’s under the steady state.
The local heat spreader temperature was measured by using
four isolated Omega type-T thermocouples. All thermocouples were calibrated against a quartz thermometer and the
uncertainty was ± 0.1°C.
In present case, a copper plate with the same scale was
tested to compare the thermal performance. Based on temperature distribution along heat spreader, the thermal resistances of system (Rsystem) and heat spreader (Rhs) were calculated by following equations:
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Fig. 9. The relationship between the surface temperature of heater and
heating power.
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Fig. 10. The difference of temperature between copper and spreader at
different power.

Rsystem =

Rhs =

(Theater − Ta )
Q

(Theater − Taverage )
Q

=

(1)
ΔT
Q

Copper Rhs
Spreader Rhs

0.05

Spreader ∆T

(2)

Wherein,
Theater: the temperature of ceramic heater (°C)
Ta: the ambient temperature (°C)
T1 + T2 + T3 + T4
(°C)
4

Fig. 9 illustrates the relationship between the surface temperature of heater and the heating power. When the input
power was 128 W, the surface temperature of heater was
higher than heat spreader about 4.3°C. It clearly shows the
spreader with support structure support the lower difference
of temperature under various heat loading. According to the
temperature of heater and average temperature of spreader, the
thermal performance was calculated as shown in Figs. 10-12,
respectively. As it shows, the average surface temperature of
copper plate was higher than spreader in various power levels;
therefore the spreader can remove more heat and maintain
lower surface temperature at high heat flux.
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Fig. 11. The relationship between thermal resistance and input power.
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Fig. 12. The relationship between the thermal resistance of copper plate
and SSHS at different input power.

A simple comparison of the performance between heat
spreader and copper plate was showed in Figs. 11 and 12.
Both of the system thermal resistance and spreader resistance
are lower than copper plate. To understand the consistency of
temperature, an IR-temperature image system (ThermaCam,
SC500) was utilized to observe the surface temperature as
shown in Figs. 13 and 14. In present study, the maximum
surface temperature of copper plate is higher than of heat
spreader about 2.2°C (8 Watts). Furthermore, the heat
spreader within support structure not only removes the problem of hot spot but also make the surface temperature lower
than copper at the same power.

IV. SUMMARY
This study investigated the thermal performance of heat
spreader within the support structure. A novel heat spreader
was developed with its main cavity of copper tube, where the
copper mesh was served as the capillary construction, the
centre part was supported by a crossed structure manufactured
by wire cut machine and the size of length, width and height
were 73 mm, 48.5 mm and 2.7 mm respectively. In order to
understand the performance of SSHP, a copper plate with the
same size was also tested for comparison. The results are
shown as followed.
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plate and SSHS at the same input power (130 W), the
temperature gradient of SSHS is lower than copper plate
about 5°C. It means that the SSHS have a more uniform
temperature distribution than copper to avoid the hot spot
damage.

Fig. 13. The temperature distribution of copper plate by IR-temperature
image system.

In this investigation, the spreader within support structure
not only removes the problem of hot spot but also make the
surface temperature lower than copper at the same power.
Because the support structure provides the multi-dimension
for liquid-flow path in heat spreader and enhances the capillary capability to avoid the phenomena of dryout causing the
hot spot problem. Further studies will focus on the boiling
behavior in the wick to fully understand the mechanisms.
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